OBJECTIVE: To summarize the evidence for the following six strategies to prevent or treat overweight among children: promoting breastfeeding, promoting physical activity, reducing TV/video viewing, increasing fruit and vegetable consumption, reducing sugar-sweetened drink consumption, and reducing portion sizes. METHODS: Summarization of the relevant literature including review articles, relevant newly published work, the Institute of Medicine's Report on Preventing Childhood Obesity and the Surgeon General's Call to Action to Prevent and Decrease Overweight and Obesity, 2001. This is not a comprehensive review. RESULTS: Evidence for the association between each strategy and overweight varies. For breastfeeding, physical activity, and TV viewing, there are large review studies. Breastfed children may have a small reduction in risk for overweight. Participation in physical activity may reduce the risk of overweight among school-aged children and adolescents. For preschool-and schoolaged children, reducing TV viewing time may reduce their risk of overweight, but most studies report small significant associations. Evidence for an association between each dietary factor and overweight is limited and inconclusive. The biggest gaps in evidence are for the effectiveness of interventions using these strategies. The reviewed interventions based on increasing physical activity (n ¼ 7) were effective. Two randomized trials suggest that reducing TV viewing reduces overweight. No intervention studies were found that examined the effectiveness of changing fruit and vegetable consumption, sugar-sweetened drink consumption, or portion sizes. Further clarification of the effect of breastfeeding on obesity is needed. CONCLUSIONS: These six strategies are reasonable ways to attempt prevention or treatment of overweight in children. Strength of the evidence varies by strategy. The key finding is that more applied research is needed to determine the effectiveness of these and other strategies.
Introduction
The increasing prevalence of overweight children 1, 2 is an important public health problem. US data for [1999] [2000] [2001] [2002] show the following prevalence of overweight (Body Mass Index Z95th percentile for age and sex on the CDC 2000 Growth Charts) 3 for children and adolescents: 2-5-y-olds, 10.3%; 6-11-y-olds, 15.8%; and 12-19-y-olds, 16 .1%. 2 The negative consequences of pediatric overweight can occur during childhood or adulthood. Several health indicators such as elevated serum lipids, blood pressure, and serum insulin, 4 type 2 diabetes, 5 increased linear growth and advanced bone age, 6 hepatic steatosis, 7 cholelithiasis, 8 and sleep apnea 9 are associated with overweight during childhood. Evidence shows that childhood obesity tracks to adulthood and the likelihood of obesity tracking increases as the child gets older. 10, 11 Obesity in adulthood is also associated with increased adult morbidity and mortality [12] [13] [14] and social and economic constraints. 15 These facts are compelling reasons to rank pediatric overweight as a high priority for prevention and treatment. Intervention programs need to be thoughtfully developed. CDC emphasizes the use of six nutrition and physical activity strategies in intervention programs to prevent overweight and chronic disease in the population. These six strategies are promoting breastfeeding, promoting physical activity, reducing TV/video viewing, increasing fruit and vegetable consumption, reducing sugar-sweetened drink consumption, and reducing portion sizes. My goal is to summarize the evidence for these six strategies to prevent or treat overweight among children. This paper is not a comprehensive review; rather, it is a summary of the relevant published material, including review articles, newly published work, the Institute of Medicine's (IOM's) Preventing Childhood Obesity: Health in the Balance, 16 and The Surgeon included some studies with a shorter follow-up period. Since both groups of researchers conducted their reviews during similar periods and included many of the same studies, it is not surprising that they reported similar findings. Arenz et al 21 found that among the nine studies that met their inclusion criteria, [23] [24] [25] [26] [27] [28] [29] [30] [31] six studies 23, 24, 27, [29] [30] [31] showed a reduced risk for overweight among children who were breastfed, with adjusted odds ratios (OR) ranging from 0.53 to 0.80. The three other studies 25, 26, 28 showed insignificant effects in the same direction. The meta-analysis of Arenz et al 21 showed a statistically significant effect (adjusted OR ¼ 0.78, 95% confidence interval (CI) ¼ 0.71, 0.85), and they did not find heterogeneity in study type, age groups, definitions of breastfeeding and obesity, and number of confounding factors that were adjusted for among studies. Eight studies [24] [25] [26] [27] [28] [29] [30] [31] looked at breastfeeding duration and risk of overweight or obesity in later childhood, and these studies were examined further. Four showed a significant doseresponse relationship between increased breastfeeding duration and decreased prevalence of obesity in both the crude and adjusted analyses; the other four showed no significant association.
Owen et al 22 conducted a meta-analysis on 28 studies (298 900 subjects; 29 OR because one study reported on two populations) that met their inclusion criteria for examining longitudinally the risk of obesity among breastfed children compared with the risk among those who were fed formula.
Of the 29 estimates of OR, 28 showed a lower risk of obesity among children who were breastfed, and 15 of these studies showed statistically significant protective effects of breastfeeding. Their meta-analysis found a lower risk of obesity among the breastfed children (unadjusted OR ¼ 0.87, 95% CI ¼ 0.85-0.89). However, the authors found significant heterogeneity among these studies. They found a stronger association among the smaller studies (no500 participants), but the association was not affected by increasing age at outcome measurement. Subanalysis of six studies 23, 24, 26, 30, 32, 33 found that studies of initially exclusive feeding groups found a stronger protective effect of breastfeeding than did studies of a combination of breast milk and formula, OR ¼ 0.76 (95% CI ¼ 0.70-0.83). 25, 27, 34, 35 In addition, the protective effect appeared stronger with longer duration of breastfeeding; this was particularly evident among non-Hispanic white subjects in the large study of children from low-income families followed up to 60 months of age by Grummer-Strawn and Mei. 32 No intervention studies using breastfeeding as a strategy to prevent overweight among children were found, which is not surprising since randomizing infants to a nonbreastfeeding group would be unethical.
There are several mechanisms by which breastfeeding may reduce the risk for overweight. However, conclusive evidence is not yet available. One possibility is that breastfed infants control the amount of milk they consume, so they learn to self-regulate energy intake by responding to satiety cues earlier in life than bottle-fed infants who may be encouraged to finish their bottle. 36 However, whether this ability makes a difference later in life is unknown. 37 A second possibility pertains to plasma insulin levels, which vary by feeding mode. Formula-fed infants have higher plasma insulin concentrations and more prolonged insulin response. 38 Higher insulin levels stimulate more adipose tissue deposition, which in turn increases weight gain, obesity, and a higher risk of type II diabetes. 39 The high protein intake of formula-fed infants may stimulate insulin secretion. 40 A third possibility is that levels of leptin (the hormone that is
Food behaviors and other strategies to prevent/treat overweight B Sherry thought to inhibit appetite and control body fatness) may be influenced by breastfeeding: one study shows that, after controlling for confounding variables such as BMI, the ratio of leptin to fat mass was lowest among children who had the highest intake of human milk early in life. 41 Two other factors may influence the protective effect of breast feeding:
(1) breastfed infants may adapt to new foods more readily because they are exposed to a variety of flavors through breast milk and (2) mothers who breastfeed may be in social settings where a healthy lifestyle, including a healthy diet and adequate physical activity is a priority. However, two studies that controlled for diet and physical activity also found breastfeeding to be independently associated with a lower risk of overweight. 24, 30 Breastfeeding initiation and duration to 6 months of age has increased substantially since the early 1990s, according to national data from the Ross Laboratories Mothers Survey. Ryan et al 42 In conclusion, breastfeeding appears to have an inverse association with overweight, suggesting a reduction in risk of overweight in the order of 15-20% as found through the meta-analyses reported in review articles. 15, 16 However, more research is needed to clarify the mechanisms by which breastfeeding is associated with protection against obesity. The incidence and duration of breastfeeding are increasing, and intervention programs (especially those with education and peer support) effectively change behavior to increase breastfeeding and duration of breastfeeding.
Promoting physical activity
As with breastfeeding, evidence varies for the association between physical activity and the risk of obesity among children. There is some evidence that this association may 2 ) (Po0.001). However, among girls, there was no significant trend in this association. The finding of Anderson et al is counterintuitive to the hypothesis that higher levels of physical activity are associated with lower levels of obesity; however, this comparison is based on BMI value not percentile, making it harder to interpret considering the wide age range of their sample. Parsons et al, 50 reporting on a cross-sectional analyses of the 1958 British Birth Cohort data, found that the more active male and female subjects at 11, 33, and 42 y and female subjects at 23 y (based on questionnaires completed at each age studied) had lower mean BMI values than those who were less active, and that the mean BMI differences increased with age. For 16-y-old girls and 23-y-old men, there was no significant difference in BMI values between those with high and low physical activity levels. However, for 16-y-old boys, there was a positive association: the most active had a mean BMI value 0.25 kg/m 2 greater than the least active group. Parsons et al 50 suggested that this direct association between physical activity and BMI in male subjects could be the result of physically larger boys being more active in sports and that BMI may not be the best predictor of fatness in adolescent boys. As noted previously, Anderson et al 49 found a similar relationship among 8-16-y-old boys. Strong et al 48 also reviewed reports of intervention studies promoting physical activity to assess whether they were effective in reducing body fat. Three studies [51] [52] [53] of overweight children and adolescents demonstrated a reduction in both total body and visceral adiposity through interventions of 30-60 min of moderately intense exercise for 3-7 days per week. However, this level of physical activity did not affect percentage of body fat for normal-weight young people. [53] [54] [55] [56] [57] Two studies suggest that more intense levels of physical activity for a longer duration are needed to reduce adiposity in children and adolescents of normal weight. 58, 59 One literature review of the four evaluated intervention programs among preschool children reported that all programs included physical activity as a strategy: two reported a significant reduction in weight status, one had a borderline significant reduction, and the other had no significant impact. 60 The mechanism by which physical activity is associated with obesity is that physical activity expends energy. It is the primary means by which individuals can vary energy expenditure to balance energy intake after accounting for basal energy expenditure and thermogenesis. 61 Although trend data on total physical activity are limited, there are suggestions that physical activity levels among children and adolescents are changing inconsistently as the prevalence of obesity is increasing. Sturm 62 .6% participated in sufficient vigorous activity to make them breathe hard or sweat for 20 or more minutes on 3 or more of the preceding 7 days. This percentage was similar to the proportion (65.8%) in 1993, the earliest year for which these data are available. 64 The proportion of those participating in sufficient amounts of moderate physical activity (activity that does not cause sweating or hard breathing) for 30 or more minutes on 5 of 7 preceding days did not change between 1999 and 2003 (27.6 and 24.7%, respectively; 1999 is the earliest year for which these data are available). 64 Evidence that interventions can increase physical activity was found in the studies described above. Participants included in those intervention studies changed their physical activity behavior, making increasing physical activity a potential effective strategy for preventing or treating overweight, at least among school-aged children.
In conclusion, although the number of studies is limited, data suggest that promoting physical activity can reduce adiposity among overweight young people. Data for preschool children are limited and inconclusive. More longitudinal studies are necessary to clarify the effect of physical activity on obesity.
Reducing television/video viewing Physical inactivity is often studied as a possible cause of obesity. Most research examining physical inactivity focuses on television viewing, so most of the evidence is related to this source of inactivity. Dietz and Gortmaker 65 were among the first to report a positive association between TV viewing and obesity among adolescents. Recently, reviewers examined the relationship between TV viewing or video game use, physical activity, and obesity. Marshal et al 66 documented in their meta-analyses of 52 independent studies (43 crosssectional, eight longitudinal, and one randomized control trial) a small but statistically significant mean sampleweighted effect size between TV viewing and body fatness of 0.066 (95% CI ¼ 0.056-0.078) with a fully corrected sample-weighted effect size of 0.084. However, they believed this was too small to be of clinical importance. They also found (on the basis of 39 independent studies) a small negative effect between TV viewing and physical activity but concluded that any relationship between sedentary behavior and health could not be explained by examining any single component such as TV viewing or video game use. 66 Cross-sectional studies not included in the review found positive associations between TV and obesity. An analyses of the CDC 1999 Youth Risk Behavior Survey, based on a nationally representative sample of more than 15 000 US high school students' self-report of height, weight, TV viewing, and physical activity demonstrated a significant association between overweight (BMI Z95th percentile on the 2000 CDC growth charts 3 ) and viewing TV more than 2 h per day. 67 Results of the logistic regression analyses from this study demonstrated that watching TV more than 2 h per day was associated with overweight and sedentary lifestyle among white female subject and with overweight among Hispanic female subject. No significant association was found among black female subjects. TV viewing was associated with overweight among white male subjects, but with greater participation in physical activity among black male subjects. No significant association was found among Hispanic male subjects. Similar significant associations were reported among German, 68 Mexican, 69 and Australian 70 children and adolescents in studies of varying sample sizes that controlled for a variety of potential confounders such as physical activity and diet. However, in cross-sectional analyses of the 1958 British cohort data, Parsons et al, 50 found that, in early adolescence and adulthood, low frequency of TV viewing was associated with low BMI values. However, at 11 y in male subjects and at 16 y in male and female subjects, there was no significant association. In addition, a few prospective studies examined the association between TV viewing and obesity. Jago et al 71 found that over their 3 y of annual follow-up of a cohort of 3-4-y-olds, their repeated measures regression analysis at the end of the study indicated that the significant main effects were TV viewing, physical activity, and baseline BMI. TV viewing became significantly positively associated with BMI values during the third year of study. In longitudinal analyses of the Framingham Children's Study, data on 106 children followed from 4 to 11 y of age, Proctor et al 72 demonstrated that TV viewing was an independent predictor of change in BMI value during the study period. Children in the highest TV viewing tertile had the greatest increase in mean BMI value, after adjusting for sex, baseline age and intervention, a 2-y follow-up randomized field trial in five intervention and five control schools in Massachusetts designed to change health-related behaviors and reduce obesity. Although they were able to reduce TV viewing hours by boys and girls, they showed a significant reduction in the prevalence of obesity only among girls, with each hour of reduction in TV viewing predicting a reduction in obesity prevalence, OR ¼ 0.85, 95% CI ¼ 0.75-0.97, P ¼ 0.02. Several possible mechanisms have been suggested for TV viewing to cause obesity. These include (1) using time that could be spent in physical play, thus reducing energy expenditure; (2) increasing energy intake by eating during viewing time or by selecting food choices of high energy density promoted through advertising on TV; and (3) decreasing resting metabolic rate while watching TV. 74 Eating meals in front of TV may influence energy intake: Coon et al, in their study of 91 parent-child pairs of 4th to 6th graders, demonstrated that overall eating in front of TV was associated with lower fruit, vegetable, and juice intake and greater intake of salty snacks, pizza, soft drinks, and red meat. 75 In addition, Boynton-Jarrett et al 76 in a sample of 548 ethnically diverse adolescents found that, for each additional daily hour of TV viewing, fruit and vegetable consumption was reduced by 0.14 serving per day after adjusting for potential confounders. Trends in TV viewing by children younger than 12 y old indicate a decline of 4 h per week between 1981 and 1997. 77 National data from the Youth Risk Behavior Survey show that, among 9th through 12th graders, watching TV 3 or more hours per day decreased from 42.8% in 1999 to 38.2% in 2003. These figures are based on trend analyses that controlled for sex, race or ethnicity, and school grade. 64 During the same period that had an increase in the prevalence of obesity among children, there has also been a substantial increase in TV shows, videos, cable networks, video games, computer games, and Web sites targeted to children. 78 Roberts and Foehr 79 report that children spend about 5.6 h per day using various forms of entertainment media, which is longer than they spend doing anything else other than sleep. Media advertising targeted to children is often sophisticated and promotes high-energy foods. 78 Current estimates are that on average children see about 40 000 TV advertisements per year. 78 The intervention studies described above successfully reduced TV viewing time. Among preshoolers, Dennison et al 80 also documented significant reductions in TV viewing time in the intervention group that participated in their Brocodile the Crocodile program.
In conclusion, although definitive evidence is not available for the causal association between TV viewing and obesity, evidence does, in general, show a significant positive dose-response relationship between TV viewing and obesity. Limited evidence suggests that intervention programs that reduced TV viewing to reduce weight among children and adolescents were effective. In light of this finding, the Institute of Medicine in the US 16 recommended that reducing TV viewing is one important population-based strategy that should be used to challenge the obesity epidemic among children and adolescents.
Dietary strategies A number of dietary strategies to combat obesity were considered because of their potential to reduce energy intake. These include increasing fruit and vegetable intake, decreasing intake of sweetened drinks, and reducing portion sizes. Evidence of their effectiveness as interventions to prevent or treat obesity is much more limited than the evidence for the three previously described strategies. Often the evidence is based on studies of adults and, as such, is not discussed here.
Increasing fruit and vegetable intake
Data are limited on the association between fruit and vegetable intake and overweight and on the effectiveness of promoting fruits and vegetables as a weight management tool for children. Newby et al 81 in their 6-12 month followup study of diet and weight change among 1379 2-5-y-olds in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) in North Dakota found that after controlling for sex, age, baseline weight, change in height, and sociodemographic variables, fruit and vegetable consumption was not significantly associated with weight change. In contrast, in a longitudinal study of 7793 lowincome preschoolers, Conrey et al 82 found that, after controlling for age, sex, ethnicity, and high birth weight, each additional time fruits and vegetables were consumed per day, the odds of becoming overweight decreased (adjusted OR ¼ 0.952, 95% CI ¼ 0.909-0.998, P ¼ 0.04). In a longitudinal 3-y follow-up study investigating the association between fruit and vegetable intake and change in BMI z-score among 15 000 9-14-y-olds, Field et al 83 found no significant association between annual change in either fruit or vegetable intake and annual change in BMI z-score for boys or girls after they adjusted for age, age squared, age-and sex-specific BMI z-score at baseline, height change during follow-up, Tanner stage, physical activity, and energy intake. One cross-sectional study based on analysis of the USDA's 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII) and the supplemental children's 1998 CSFII Food behaviors and other strategies to prevent/treat overweight B Sherry S120 (birth to 18 y) by Lin and Morrison reported that overweight (BMI 495th percentile, CDC growth charts) boys consumed 0.4 fewer servings of total vegetables and 0.2 fewer servings of white potatoes than healthy weight (o85th BMI percentile, CDC growth charts) boys; both overweight boys and girls consumed significantly fewer servings of fruits per day than did their healthy counterparts. 84 In this study, BMI was also based on both parent-or self-reported height and weight, which might have biased their findings: Brener et al 85 reported a sensitivity of only 54.9% in classifying adolescents as overweight as defined above, based on selfreported height and weight. There are several possible reasons why promoting fruits and vegetables may be a useful strategy to prevent overweight. The high water content of fruits and vegetables reduces the energy density (kcal/g or kJ/g) of the diet. Water is the food component that has the greatest capacity to reduce energy density because it increases weight without adding energy. 86 Fiber, another component of fruits and vegetables, provides nonenergy mass. Both water and fiber may also increase satiety. 87, 88 Although two recent reviews showed some inconsistencies in the effect of fiber on satiety, for the most part, research shows that increasing fiber consumption increases satiety and decreases hunger and energy intake. 89, 90 The glycemic response to carbohydrates may also affect the satiety associated with different foods. 91 Unfortunately, fruits and vegetables vary widely in their glycemic response. One would expect an inverse association between fruits and vegetables with a low glycemic response (maintaining plasma glucose concentrations over time) and satiety, but no consistent response was found. 92 In addition, consumption of fruits and vegetables could displace consumption of less healthy, higher energy-dense foods.
Cross-sectional studies and trend data on fruit and vegetable consumption indicate that less than recommended levels are consumed. Children and adolescents in the US do not consume the recommended five servings of fruits and vegetables per day. 93 On a positive note, evidence shows that promotion of, and exposure to, fruits and vegetables can change behavior, resulting in increased consumption. Researchers 99, 100 showed that parent-led exposure can increase children's acceptance of vegetables. Nicklas et al 101 demonstrated that daycare and preschools are effective settings to increase acceptance of new foods. Other studies suggest that increasing the availability and accessibility of both fruits and vegetables in schools increases children's intake at school and at home. 102, 103 In contrast, however, the Dietary Intervention Study in Children (DISC), a randomized control trial designed to reduce fat intake and promote foods such as fruits and vegetables, showed that mean servings per day of fruits decreased for the intervention and control group and that only the intervention group had a slight increase in mean daily servings of vegetable intake after 3 y of follow-up. 104 In conclusion, evidence is sparse to support (1) the association between fruit and vegetable consumption and weight, (2) the effectiveness of promoting fruits and vegetables as a weight management tool, and (3) the mechanisms by which increasing fruit and vegetable consumption would reduce weight. However, increasing fruits and vegetable consumption may be an effective strategy for weight management: fruits and vegetables have a low energy density, are high in fiber, and may cause satiety. More research is needed to understand the association between fruit and vegetable consumption and pediatric overweight.
Reducing sugar-sweetened drink consumption Evidence for the association between sugar-sweetened drink consumption and obesity is inconclusive. In a cross-sectional survey of 385 11-13-y-olds, Giammattei et al 105 found that the mean BMI z-score was lower (0.5170.07) for those consuming fewer than three soft drinks per day than among those consuming three or more soft drinks per day (1.0270.13, P ¼ 0.003), after controlling for age, sex, and ethnicity. They also reported that Latino students consumed more soft drinks than non-Hispanic white or Asian students. In contrast, analysis of CSFII national data showed no association between sugar-sweetened beverage consumption and BMI calculated from self-reported heights and weights of children and adolescents. 106 Only two prospective studies looked at the association between sweet-drink consumption and overweight children. Ludwig et al 107 followed 548 ethnically diverse 11-17-y-olds in four communities in Massachusetts for 19 months. After controlling for baseline anthropometrics, demographic, dietary, and lifestyle variables, they found that for each additional serving of sugar-sweetened drink consumed, both BMI (mean ¼ 0.24 kg/m 2 , 95% CI ¼ 0.10-0.39, P ¼ 0.03) and frequency of obesity (adjusted OR ¼ 1.60, 95% CI ¼ 1.14-2.24,
Food behaviors and other strategies to prevent/treat overweight B Sherry P ¼ 0.02) increased. These researchers also found that baseline daily servings of sugar-sweetened drink consumption were significantly positively associated with change in BMI during the study period (mean ¼ 0.18 kg/m 2 for each baseline daily serving, 95% CI ¼ 0.09-0.27, P ¼ 0.02). The second study by Welsh et al 108 retrospectively examined cohort data on 10 904 2-3-y-olds from low-income families for 1 y. After adjusting for age; sex, race or ethnicity; birth weight; and intake of high-fat foods, sweet foods, and total energy intake, they found that consumption of sweet drinks approximately doubled the risk of overweight among children who were at risk of overweight (BMI 85th to Z95th percentile) at baseline and the risk for remaining overweight for those who were overweight (BMI 495th percentile) at baseline. No consistent dose-response relationship was observed. No reports of studies using reduction of sugar-sweetened drinks as a strategy to prevent or treat overweight were found in the peer-reviewed literature. A few mechanisms are suggested for how sugar-sweetened drink consumption increases the prevalence of overweight. These drinks are high in calories. Another possibility is that children do not compensate at meals for the calories they have consumed in sweet drinks, but this tendency may vary by age. [109] [110] [111] However, these studies need to be replicated to confirm both the lack of compensation and variability with age. Interestingly, Grimm et al 112 reported that children whose parents routinely drank soft drinks were 2.88 times more likely to consume soft drinks five or more times a week than children whose parents did not consume soft drinks (95% CI ¼ 1.76-4.72). Consumption trends for sugar-sweetened drinks, especially for soft drinks among adolescents, show major increases during the past two decades, coinciding with the rise in overweight. Even infants as young as 7 months consume soft drinks, 113 raising concern about the effect of soft drinks on the nutrient content of infant's diets. 114 The national US CSFII 1994 , 1998 data show that children and adolescents consumed more soft drinks than milk, juices, or fruit drinks (a sweetened beverage like soft drinks). 115 Between 1977/1978 (NFCS data) and 1994/1998 (CSFII data), mean soft drink consumption among 6-17-yolds rose from 5 to 12 ounces per day. 116 No studies were found that examined whether a reduction in sugar-sweetened beverages could be achieved. Research is needed in this area.
Evidence for the effect of sweetened beverages on overweight is inconclusive, yet adequate to warrant further work. The two longitudinal etiologic analyses suggest that consumption of sweet drinks is at least associated with overweight. Moreover, trend data clearly indicate that consumption of these beverages has increased substantially at a time when the prevalence of overweight among children also increased. Studies are needed (1) to clarify the association between the consumption of sugar-sweetened beverages and (2) to assess the effectiveness of intervention studies using this strategy to prevent or treat overweight. [1994] [1995] [1996] 1998 data sets found that among 1-2-y-olds, body weight was associated with energy intake and portion sizes of a sampling of foods in these categories: dairy, grains, fruits, vegetables, meat, and mixtures. However, body weight was not associated with the consumption of any particular foods or the number of eating occasions. Rolls et al, 118 in a small study of lunchtime eating, found that energy intake of 3-y-olds was not influenced by portion size, whereas 5-y-olds consumed more calories when portion sizes were larger. However, Orlet-Fisher et al 119 found
Decreasing portion sizes
that when 30 children aged 2.9-5.1 y old served themselves in contrast to being served, the children consumed 25% less energy.
No reports of interventions that reduce portion sizes as a strategy for weight reduction in children were found in the peer-reviewed literature. The mechanism is obviously the larger the portion: reducing portion size could reduce energy intake if all other dietary patterns remained constant.
Studies that examined trends in portion sizes suggest that they vary with age of the child. McConahy et al 117 in their analyses of two national cross-sectional samples from the NFCS 1977-1978 and the CSFII 1994-1996, 1998 data sets for 1-and 2-y-olds found portion sizes remained relatively stable for most foods with the exception of a decline in meat portion size and an increase in portion sizes of milk, bread, cereal, juice, and peanut butter. However, for US children 2 y of age or older, analysis of national survey food consumption data for the same time period showed that average portion sizes consumed increased substantially for foods such as salty snacks, desserts, and soft drinks; the size of hamburgers in restaurants decreased during this period but pizza size remained stable. 120 Interestingly, Nielson and Popkin 120 showed that, in general, the largest portions of the foods were consumed at fast food restaurants. Smaller portions were consumed at home, and the smallest portions were consumed at other restaurants. Lin et al 121 reported that 20% of children's energy intake was eaten away from home in 1977-1978, but that percentage increased to 32% in 1994-1996. This increase may be due to Nielson's and Popkin's finding that the largest portions of foods they studied were consumed in fast food restaurants. 121 This increase in portion sizes occurred concurrently with an increase in the proportion of energy from foods consumed away from home, at least raising the issue of a possible association with the increase in prevalence of obesity among children.
No peer-reviewed studies were found showing that children could reduce their portion sizes. More research is needed in this area.
Evidence of the effectiveness of reducing portion sizes as a strategy for preventing overweight is sparse. The strongest evidence is that portions sizes increased while obesity increased. More research is needed on the causal association and on the effectiveness of reducing portion size as a strategy to prevent overweight.
Discussion
The heterogeneity in study methodologies, definitions of overweight/obesity, cut points for the risk factors, sample sizes, length of follow-up, and control of confounding variables make comparisons and interpretation of results difficult.
Evidence for an association between each of the six strategies and overweight varies. For breastfeeding, physical activity, and TV viewing, there are large review studies and the reviews for both breastfeeding and TV viewing included meta-analyses. Breastfed children may have a small reduction in risk for overweight. Participation in physical activity may reduce the risk of overweight among children and adolescents, but there is not enough evidence to understand the effect of physical activity on overweight among preschool-aged children. For preschool-and school-aged children, reducing TV viewing may also reduce risk of overweight, but most association studies report a small significant association between TV watching and overweight. Evidence for associations between the three dietary factors and overweight is limited and inconclusive.
This review shows that the biggest gaps in evidence are for the effectiveness of the interventions using these strategies to prevent or treat overweight. The limited interventions (n ¼ 7) reviewed here show that increasing physical activity was effective. Two randomized trials suggest that reducing TV viewing reduces overweight. As for increasing fruit and vegetable consumption, decreasing sugar-sweetened drink consumption, and decreasing portion sizes, no intervention studies were found that examined the effectiveness of these strategies. Further clarification of the effect of breastfeeding on obesity is still needed.
For each of the six strategies, plausible mechanisms were suggested to explain their relationship with overweight. The suggested mechanisms for physical activity and the dietary strategies are probably the most convincing. Engaging in physical activity expends energy. The dietary strategies could reduce energy intake: fruits and vegetables are high in water and fiber content, which lowers their energy density; sugarsweetened drinks have high levels of energy, and calories could be reduced by substituting water; and large portion sizes could be reduced to reduce energy intake. Several mechanisms are proposed for the effect of breastfeeding (eg self-regulation of intake, influence on plasma insulin and leptin levels) and for TV viewing (eg inactivity, eating while viewing, influence of food advertising), but they need clarification.
Trends in these strategies do not always track with the prevalence of overweight. Both breastfeeding and duration of breastfeeding increased while obesity increased. Trends in physical activity were relatively stable while the prevalence of obesity among adolescents increased. Trends in TV viewing time (not screen time) decreased from 1981 to 1997 among children younger than 12 y and TV viewing also decreased from 1999 to 2003 among adolescents. There was a decline in the consumption of some fruits and vegetables and an increase in the consumption of others. Both the consumption of sugar-sweetened drinks and portion size increased.
Evidence that one can change behavior is documented for breastfeeding, physical activity, and TV viewing. Studies show mixed results for changing fruit and vegetable consumption. No studies were found relevant to sugarsweetened drinks and portion size.
More research is needed, in particular, to evaluate the effectiveness of programs that use these strategies to prevent or treat overweight. In addition, we need evidence as to whether dietary behaviors can be successfully modified and what effect such modifications will have on weight.
Implementing these strategies is a major challenge. The CDC-funded states are using the socioecological model to tackle the problem of obesity and other chronic diseases. The socioecological model focuses on changing behaviors by influencing individuals and the environments that affect behaviors. Evidence suggests that implementing individual and environmental strategies simultaneously at several levels of the social structure (individual, interpersonal, organizational, community, or societal) is most effective. 122, 123 In addition, research suggests that behavior change is more likely to be sustained when both individual and environmental changes occur at the same time.
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